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(54) ORGANOPHILIC CLAY MINERAL DERIVATIVES 


(71) We, LAPORTE INDUSTRIES 
LIMITED, a British Company of Hanover 
House, 14 Hanover Square, London, W.I., 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to clay mineral de- 
rivatives and particularly to organophilic de- 
rivatives thereof. 

Organophilic derivatives of sodium ben- 
tonite, for example Wyoming bentonite, are 
known. Such products may be produced by 
exchanging the sodium ions of the bentonite 
with organic cations which organic cations 
may be supplied, for example, by onhim 
compounds. Where the sodium bentonite con- 
tains exchangable cations other than sodium 
it is known to exchange those other ions, or 
some of them, with sodium ions before, in 
turn, replacing the sodium ions with cations 
derived from onium compounds. Thus it has 
hitherto been considered desirable, not only 
to use sodium bentonite as a starting material 
in the manufacture of organophilic deriva- 
tives, but also to Tender the sodium bentonite 
substantially homoionic before attempting to 
replace the cations of the sodium bentonite 
with cations derived from onium compounds. 
The term "onium compound" is used herein 
to mean organic ammonium compounds, and 
isologues thereof, having the general formula 
Rj,XH„, + B~ wherein R is a organic radical 
and the element X is in its highest possible 
positive valency state, n is a number at least 
equal to 1 and m is a number at least equal 
to 0, the sum of n and m equalling one less 
than the highest possible valency of element 
X. B _ is an anion for example, hydroxyl or 
chloride. The term "onium cation" is used 
herein to mean a cation of the above identi- 
fied compounds. 

In a paper published in the American 
Mineralogist Volume 44 pages 1230 to 1236 
G. L. McAtee describes an investigation into 
the production of organophilic derivatives by 
ion exchanging organic cations onto Wyoming 
bentonite and hectorite. The results of the 


investigation indicate that sodium ions are re- SO 
placed by organic cations more readily than 
calcium cations which in turn are replaced 
more readily than magnesium cations. McAtee 
also describes experiments showing that if 
organophilic derivatives derived from sodium 55 
bentonite on one hand and from sodium ben- 
tonite in which the sodium ions have been 
almost completely replaced by calcium and 
magnesium ions on the other hand, are washed 
with distilled water, the former material re- 60 
tains almost all of its organic cations whereas 
the latter material loses a substantial quantity 
of its organic cations. 

The McAtee paper therefore teaches that 
the presence of calcium or magnesium ions 65 
on a clay mineral to be used as a starting 
material for the preparation of organophilic 
materials is disadvantageous. 

There is some difficulty in ion exchanging 
calcium ions with sodium ions so as to con- 70 
vert a calcium containing clay mineral into 
the homoionic sodium form hitherto consid- 
ered as desirable. One of the most effective 
methods of conducting such ion exchange is 
by the use of ion exchange resins. Such a 75 
method would achieve substantially complete 
replacement of the calcium cations by sodium 
cations but is expensive to use on a commer- 
cial scale. Ion exchange can be carried out. 
more economically by contacting the clay 80 
mineral with an inorganic compound contain- 
ing sodium ions combined with anions which 
form insoluble compounds with the exchange- 
able calcium ions of the clay mineral such 
as sodium carbonate, but in practice this 85 
method does not enable a satisfactory organo- 
philic derivative to be produced from the 
resulting sodium -containing product. For 
these reasons it has not hitherto been thought 
possible to utilise clay mineral containing a 90 
substantial proportion of calcium cations as 
a starting material for an organophilic day 
mineral derivative on a practical commercial 
scale. 

The present invention relates to the use of 
clay minerals containing a substantial propor- 
tion of calcium ions, for example a major 
proportion of the exchangeable cations, as 
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starting materials in the production of organ o- 
philic clay mineral derivatives. According to 
one aspect the invention resides in the use of 
magnesium compounds, in contrast to 
5 McA tee's teaching, in conjunction with sodium 
compounds in treating such starting materials 
so as to make them suitable for use in the 
manufacture of organophilic derivatives. 
Accordingly the present invention provides 
10 a process for the production of an organo- 
philic clay mineral derivative comprising tak- 
ing a clay mineral, containing calcium cations 
as a major proportion of die exchangeable 
cations in the clay mineral, treating it in the 
15 presence of water with one or more inorganic 
compounds containing sodium cations and 
anions which form water-insoluble salts with 
calcium, and a suitable minor proportion of 
one or more alkaline magnesium compounds, 
20 to exchange sodium and magnesium cations 
for calcium cations of the clay mineral, and 
treating the ion exchanged clay mineral with 
one or more onium compounds to exchange 
onium cations for said sodium, magnesium 
25 and remaining calcium cations. 

A suitable minor proportion of alkaline 
magnesium compound which may be used in 
the practice of this invention will depend on 
the particular embodiment of the invention 
30 being practised. The proportion will generally 
be below 5% and at least 02% based on the 
weight of the clay mineral. Preferably the 
proportion of magnesium compound used is 
from 0.5% to 3% based on the dry weight 
35 of the clay mineral. 

The proportion of the compound containing 
sodium cations is preferably from 4% to 10% 
based on the dry weight of the clay mineral. 
Preferably the compound containing sodium 
40 cations is sodium carbonate and the alkaline 
magnesium compound is magnesium oxide, 
magnesium carbonate or magnesium hy- 
droxide. The proportion of the onium com- 
pound is preferably at least equivalent to the 
45 cation exchange capacity of the clay mineral 
for example up to 20% in excess of the 
cation exchange capacity of the clay mineral. 

Preferably the onium compound is a suit- 
able organic ammonium compound. Prefer- 
50 ably the ammonium compound has at least 
one' organic radical having a carbon chain of 
at least 10 particularly preferably at least 18, 
for example even up to 30, 40 or 50 carbon 
atoms. The reason for such preference is not 
55 related to the ease of exchange of the am- 
monium cation onto the clay mineral which 
is not affected by die precise composition of 
the ammonium cation to be exchanged, but 
is related to the effectiveness of the resulting 
60 organophilic clay mineral derivative in use 
in greases and like media. 

The ammonium compounds may be derived 
from the class of compounds which includes 
the salts (including quaternary salts) of pri- 
65 mary, secondary and tertiary amines, includ- 


ing mono-, di-, tri-, and poly-amines, ali- 
phatic, aromatic, cyclic and heterocyclic 
amines and substituted derivatives thereof. 
Mono- or poly- valent compounds which are 
of particular value in the practice of the 70 
present invention are the "Ethomeens" 
(Armour and Company). The word "Etho- 
mecn" is a Trade Mark. These compounds 
may be regarded as tertiary amines having a 
single alkyl group and two polyoxyethylene 75 
groups attached to the nitrogen atom. Simi- 
larly the so-called "Ethoduomeens" (Armour 
and Company) are also of value. The word 
"Ethoduomeen" is a Trade Mark. 

Specific examples of suitable organic am- 80 
monium cations are dimethyl dioctadecyl am- 
monium, trimethyl octadecyl ammonium, 
octadecyl ammonium, dioctadecyl morpho- 
linium, 1-propyl 2-octadecyl imidazolinium, 
bis-(-2-hydroxyethyl) octadecyl ammonium, 85 
and dimethyl benzyl lauryl ammonium. These 
may be used singly or in combination. 

A suitable clay mineral for use in this in- 
vention is calcium montmorillonite. This 
mineral is widely available. Preferably the 90 
clay mineral has a cation exchange capacity 
of from 0.7 to 1.1 m.e/g. 

In carrying out the process of the present 
invention it is important to achieve intimate 
contact between the clay mineral and the 95 
sodium and magnesium-containing compound 
or compounds used and for this the presence 
of water is necessary. Suitably the day min- 
eral is treated in the form of a damp clod, 
with the compound or compounds providing 100 
sodium and magnesium cations. Preferably 
the clay mineral treated contains from 28 to 
40% by weight of water. Preferably intimate 
contact is achieved by first mixing the clay 
mineral with the compound or compounds 105 
providing sodium and magnesium cations and 
then extruding the mixture. The day mineral 
is then advantageously dried at a temperature 
not exceeding 400° C to a water content of 
4% to 22%. HO 

The resulting clay mineral derivative may 
be treated with the onium compound in the 
form of a dispersion of the clay mineral de- 
rivative in water, preferably at a concentra- 
tion of 1% to 12%. The clay mineral may 115 
be dispersed by, for example, mixing the sus- 
pension, at high shear, for a sufficient time to 
reduce the particle size therein to smaller 
than 2 micrometer average equivalent Stokes 
diameter. The dispersion of the day mineral 120 
may be conducted at ambient temperature. 
The onium compound or compounds may also 
be dispersed in water at, for example 1 to 
6% concentration and men the two disper- 
sions may be mixed- Preferably the two dis- 125 
persions are mixed at an elevated tempera- 
ture of, for example, from 60 to 100° C and 
are maintained at an elevated temperature for 
a period of time sufficient to allow the ion 
exchange to take place. Preferably the two 130 
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suspensions are stirred for from 5 to 30 
minutes after mixing. Thereafter the organo- 
philic clay mineral derivative resulting from 
the fon exchange with the onium compound 
5 is preferably filtered and washed to free it 
from the inorganic exchangeable cations of the 
clay and the anion of the onium compound 
used. The clay mineral derivative is then pre- 
ferably dried, for example, to a water con- 

10 tent of 2 to 3%. It is then ready for incor- 
poration in organic media. 

The organophilic products of this inven- 
tion are suitable for use in organic solvent 
systems such as white spirit and their purpose 

15 is to stiffen the system. They are useful, in 
particular, in paint systems. 

When the organic solvent is or contains a 
substantial quantity of polar solvent such as, 
for example, ethanol the effect of the organo- 

20 philic clay mineral derivatives is particularly 
advantageous. Where the organophilic deriva- 
tive is to be used in a medium not containing 
a polar solvent, the organiphilic derivative 
is preferably treated with such a solvent be- 

25 fore incorporation in the medium. A suitable 
quantity of polar solvent is from 0.5 to 1.0 
g/g of the dried organophilic clay mineral 
derivative. 

In order that die invention may be more 

30 readily understood examples thereof will now 
be specifically described. Certain examples 
not according to die invention will also be 
specifically described for the purposes of com- 
parison. Examples 3 — 9 are according to the 

35 invention and Example 1 and 2 are not ac- 
cording to the invention and are inserted for 
comparative purposes. 

The following procedure was used in carry- 
ing out all the examples. 

40 The clay mineral, in the form of a wet 
clod, of 34 — 36% by weight moisture, was, 
where the particular example required the 
presence of one or more of sodium carbonate 
and magnesium oxide, extruded with 9% 

45 based on the dry weight of the clod of sodium 
carbonate and/or 2°/.. based on the dry weight 
of the clod of magnesium oxide (Taycrest 
T3 made bv Taycrest Company Limited). 
"TAYCREST" is a trade mark). The ex- 


truded clod mixture (or the clod itself, where 50 
appropriate), was dried and milled. The re- 
sulting milled product was made up to a 4% 
by weight dispersion in water by mixing under 
conditions of high shear for 15 minutes with 
distilled water at ambient temperature. The 55 
dispersion was heated to 80° C A paste of 
75% concentration of dimethyl dioctadecyl 
ammonium chloride in isopropanol, which is 
available under the Trade Mark "ARQUAD 
2HT", was dispersed in distilled water at 6% 60 
concentration by weight and heated to 80° C 
to 90° C. 

The two dispersions were mixed in propor- 
tions to give the required quantity of organic 
ammonium cation indicated, and stirred at 65 
80° C for 10 minutes. The resulting solid pro- 
duct was filtered and washed on the filter 
with distilled water until chloride free. The 
filter cake was dried at 80° C to 2 to 3% 
water as shown by thermogravimetric analysis. 70 

The resulting organophilic product was 
mixed with a mixture of white spirit and ethyl 
alcohol. 6g samples of organophilic product 
were used and the quantity of white spirit and 
ethyl alcohol was 68g per sample, the quan- 75 
tity of ethyl alcohol varying as indicated in 
Table I. 

Mixing was conducted by first adding the 
white spirit, mixing for 5 minutes under high 
shear conditions, adding the ethyl alcohol and 80 
further mixing under high shear conditions 
for 1 minute. Some of the samples were tested 
using a cone micropenetrometer, of 15.8g 
weight and solid angle of 90°, immediately. 
All the samples were then passed through a 85 
triple roll mill twice and tested with the cone 
penetrometer. The results are expressed in 
10~* metres penetration. For guidance a 
penetration value of 200 — 350 XlO-'m. indi- 
cates a soft grease-like body of dropping con- 90 
sistency, a value of 50 — 200 a body similar in 
consistency to shoe polish, and a value below 
50 a stiff grease-like body. 

The results of these tests are summarised 
in Table I, which also includes some details 95 
of the conditions used in carrying out the 
various examples. 
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TABLE I 



Type of 
calcium 
montmor- 
illonite 
clay 

Extruded 
with wt T<- of 

Exchangeable cation 
content of extruded 
dried product me '100g 

Ex. No. 

Na,CO, 

MgO 

Na + 

Ca ++ 

MS*" 

Ca ++ *Mg * + 

1 

Surrey 

blue 

clay 



6 

84 

5 

89 

2 

Surrey 

blue 

clay 

9^ 

- 

91 



4 

3 

Surrey 

blue 

clay 

9T C 

2% 

79 



16 

4 

Surrey 

blue 

clay 

95 

2% 

79 



16 

5 

Surrev 
blue ' 
clay 

9Tr 

2% 

87 



8 

6 

Surrey 

blue 

clay 



87 



8 

7 

Kent 
clay 

95 

1.5% 

78 



10 

8 

Kent 
clay 

9<Tr 

1.5* 

78 



10 

9 

Kent 
clay 

9% 

1.5^ 

78 
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TABLE I (Continued) 


Organic 
Ammonium 
cation me. g 
dried clay 

mineral 

0.85 


clay 
deriv. 
(dried) 


before after 
3-roll milling 3-roll milling 


0.70 
0.70 
0.70 


Surprisingly products of this invention al- 
though based on naturally occurring calcium 
montmorillonite can be comparable to products 
based on sodium bentonite. An organophilk 
product based on sodium bentonite (Wyoming 
Bentonite) available under the Trade Mark 
Volclay but otherwise made, as described in 
the examples, containing 0.70 organic am- 
monium cation/g clay mineral and made up, 
for testing to include 0.33 g ethyl alcohol/g 
clay mineral, gave a penetration value after 
3 roll milling of 34, and a commercial organo- 
philic product available under the Trade 
Mark Bentone 34, also based on sodium ben- 
tonite, gave penetrometer test results equiva- 
lent to those of the Volclay derived product. 

There is a correlation between the theo- 
logical properties of a suspension of the clay 
in water before being treated with onium com- 
pound, and the inclusion of a magnesium 
compound and it is possible that the effect of 
the magnesium compound in increasing the 
degree of dispersion of the clay, as shown by 
the improved rhcological properties of the 


suspension is responsible for the improvement 
in the effectiveness of the organophilic pro- 
duct. This is a theory and the invention de- 
scribed and claimed herein is not limited 
thereby. Table II gives the plastic viscosity of 
a 6% suspension of clay mineral, after ex- 
trusion, if carried out, and drying, but before 
treatment with ammonium compound. 

The plastic viscosity was measured on a 
Ferranti-Shirky Cone and Plate Viscometer 
and is expressed in centipoises. 

Table II. 


The results appear to indicate to a limited 
extent, an interrelationship between the 
rheological properties of the clay mineral and 
the use of the magnesium compounds. 

5 WHAT WE CLAIM IS:— 

1. A process for the production of an 
organophilic day mineral derivative compris- 
ing taking a clay mineral, containing calcium 
cations as a major proportion of the exchange- 

10 able cations in the day mineral, treating it in 
the presence of water with one or more inor- 
ganic compounds containing sodium cations 
and anions which form water-insoluble salts 
with calcium, and a suitable minor proportion 

15 of one or more alkaline magnesium com- 
pounds, to exchange sodium and magnesium 
cations for calcium cations of the clay mineral, 
and treating the ion exchanged day mineral 
with one or more onium compounds (as here- 

20 inbefore defined) to exchange onium cations 
for said sodium, magnesium and remaining 
calrium cations. 

2. A process as claimed in daim 1 wherein 
the day mineral is caldum mommorillonite. 

25 3. A process as claimed in claim 1 or 2 
wherein the compound containing sodium 
cations is sodium carbonate. 

4. A process as claimed in . any pre ce di n g 
daim wherein the alkaline magnesium com- 

30 pound is magnesium oxide, magnesium . hy- 
droxide or magnesium carbonate. 

5. A process as daimed in any preceding 
claim wherein the day mineral is treated with 
from 4% to 10% based on the dry weight 

35 thereof of the compounds containing sodium 


6. A process as claimed in any preceding 
daim wherein the day mineral is treated with 
from 0.5 to 3.0% based on the dry weight 
thereof of the magnesium compound. 40 

7. A process as claimed in any preceding 
claim wherein me clay mineral is in the form 
of a wet dod containing from 28% to 40% 
by weight of water. 

8. A process as daimed m any preceding 45 
claim wherein the day mineral is treated with 

-the compound containing the sodium canons 
and the alkaline magnesium compound by 
being extruded in admixture with the said 
compounds. 50 

9. A process as daimed in any preceding 
claim wherein the onium compound is an 


ammonium compound. 

10. A process as claimed in any preceding 
claim wherein the onium compound is in a 55 
quantity at least equivalent to the cation ex- 
change caparity of the clay mineral. 

11. A process substantially as described 
herein with reference to any one of Examples 

3 to 9. 60 

12. An organophilic day mineral derivative 
whenever produced by a process as claimed 
in any preceding claim. . 

13 Aa organophilic day nunerai derivative 
■as daimed in claim 12 in admixture with a 65 
polar solvent in an amount of from 0.5 to 
1.0 g/g of day mineral derivative based on 
the dry weight thereof. 


A. N. CALDWELL, 
Chartered Patent Agent, 
Agent for the Applicants. 
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